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DESCRIPTION 
TEACHING PENDANT ENABLING DEVICE 

Technical Field 

The present invention relates to a teaching pendant 
for use in setting the particulars of an action to be 
performed by an apparatus to be taught such as an industrial 
robot and, more particularly, to a teaching pendant enabling 
device configured to choose whether or not to enable a 
teaching signal based on an operation on a deadman switch. 

Background Art 

A transportable teaching pendant is operated to 
teach actions to a mechanical apparatus such as an industrial 
robot in initialization and adjustment of the mechanical 
apparatus and a like occasion. During teaching, the operator 
has to operate the teaching pendant held by his or her both 
hands at a location near a movable part of the mechanical 
apparatus and hence is exposed to such a danger that a failure 
of the mechanical apparatus , a misoperation on the teaching 
pendant or the like leads to a serious accident. 

Such a teaching pendant is provided with an enabling 
device for selectively enabling outputs of teaching signals as 
means for avoiding a danger to the operator upon occurrence of 
an anomaly during teaching to such a mechanical apparatus, as 
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disclosed in Japanese Utility Model Laid-Open Microfilm No. 
SHO 60-153787 and Japanese Patent Laid-Open Publication No. 
2002-059383 for example. Such an enabling device includes an 
operating switch configured to receive the input of an 
instruction to output a teaching signal to the mechanical 
apparatus, and an operable switch disposed on the teaching 
pendant. This operable switch, also called "deadman switch" f 
is configured to be operable as long as the operator holding 
the teaching pendant is in a predetermined posture. Only 
under the condition where the deadman switch is operated, a 
teaching signal based on an operation performed on the 
operating switch turned ON is enabled, whereby teaching to the 
mechanical apparatus becomes possible. 

In the case where the mechanical apparatus performs 
an action unintended by the operator due to a failure of the 
mechanical apparatus, a misoperation on the teaching device, 
or the like while the operator is teaching actions to the 
mechanical apparatus by depressing the operating switch with 
the deadman switch kept ON by depression, the provision of the 
enabling device on the teaching pendant makes it possible to 
stop the mechanical apparatus by disabling an operating signal 
given to the mechanical apparatus with the deadman switch 
turned OFF by the operator taking his or her finger off the 
deadman switch or his or her hands off the teaching pendant. 

However, when the mechanical apparatus performs such 
an operator's unintended action, it is possible that the 
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operator depresses the deadman switch more strongly or holds 
the teaching pendant more strongly instead of taking his or 
her finger off the deadman switch or his or her hands off the 
teaching pendant. Therefore, an ordinary two-position switch 
configured to be turned ON/OFF simply in response to a 
depression or a failure of depression is inadequate for the 
deadman switch. 

For this reason, a conventional teaching pendant 
uses a deadman switch consisting of a three-position switch 
having a first position which is an OFF-position assumed when 
undepressed, a second position which is an ON-position 
displaced from the first position by slightly depressing the 
switch, and a third position which is an OFF-position 
displaced from the second position by depressing the switch 
more strongly. This three-position deadman switch is 
configured to reset from the third position to the first 
position without passing through the second position 
corresponding to the ON- state. This is because the action of 
the mechanical apparatus need be stopped completely during a 
period from the time the operator stops the mechanical 
apparatus to avoid a danger by depressing the deadman switch 
to the third position until the operator takes his or her 
finger off the deadman switch completely. 

On the other hand, the operator is required to use 
his or her right hand, left hand or both hands to operate the 
operable switch depending on the environment in which the 
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teaching pendant is to be used. To accommodate to this 
situation, one known teaching pendant enabling device 
comprises two deadman switches, one disposed at a right-hand 
operating position, the other at a left-hand operating 
position. This enabling device is configured to enable a 
teaching signal in accordance with the operated state of at 
least one deadman switch. 

Another problem arises with such an enabling device 
configured to enable or disable a teaching signal in 
accordance with the operated state of one of the three- 
position deadman switches disposed at both of the right-hand 
operating position and the left-hand operating position of the 
teaching pendant. Specifically, during teaching to the 
mechanical apparatus by the operator with the right and left 
deadman switches depressed to their respective second 
positions, if the operator depresses only one of the right and 
left deadman switches to the third position because of 
occurrence of an anomaly and then takes the hand off the 
deadman switch thus depressed to the third position after the 
mechanical apparatus has been stopped, a teaching signal is 
enabled in accordance with the operated state of the other 
deadman switch kept in the second position, so that the 
mechanical apparatus immediately resumes the action before the 
safety of the operator is ensured, which incurs a high risk of 
allowing a serious accident to occur. 

In attempt to avoid this problem, a configuration 
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such that once either of the right and left deadman switch has 
been depressed to the third position, a teaching signal is not 
enabled until both of the deadman switches resume their 
respective first positions, has been proposed for the enabling 
device configured to enable or disable a teaching signal in 
accordance with the operated state of one of the three - 
position deadman switches disposed at both of the right-hand 
operating position and the left-hand operating position of the 
teaching pendant, as disclosed in Japanese Patent Laid-Open 
Publication No. 2002-059383. 

As shown in FIG. 12, a teaching pendant enabling 
device 100 employing such a configuration includes a first 
circuit Cll, a second circuit C12 and a third circuit C13, and 
two relays Rll and R12 each having three normally open 
contacts and one normally closed contact. Under normal 
condition the enabling device 100 outputs an enabling signal 
from the first and second circuits Cll and C12 to, for example, 
a safety relay module 120 of the mechanical apparatus when at 
least one of right-handed deadman switch 101a and left-handed 
deadman switch 101b assumes the ON- state by being depressed to 
the second position. Only when the safety relay module 120 
receives inputs of the enabling signal from the first and 
second circuits Cll and C12 both, the safety relay module 120 
enables the teaching signal thereby allowing the operator to 
teach the mechanical apparatus. 

In the first circuit Cll, a normally open contact 
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Rill of the relay Rll and a normally open contact R121 of the 
relay 12 are connected in series with a parallel circuit in 
which one contact swlla of the right-handed deadman switch 
101a and one contact swllb of the left-handed deadman switch 
101b are connected in parallel. 

In the second circuit C12, a normally open contact 
R112 of the relay Rll and a normally open contact R122 of the 
relay R12 are connected in series with a parallel circuit in 
which the other contact swl2a of the right-handed deadman 
switch 101a and the other contact swl2b of the left-handed 
deadman switch 101b are connected in parallel. 

The third circuit C12 includes: a series circuit in 
which a normally closed monitor contact mswlla of the right- 
handed deadman switch 101a # a normally closed monitor contact 
mswllb of the left-handed deadman switch, a normally closed 
contact R114 of the relay Rll and a normally closed contact 
R124 of the relay R12 are connected in series; and a series 
circuit in which a normally closed monitor contact mswl2a of 
the right-handed deadman switch 101a, a normally closed 
monitor contact mswl2b of the left-handed deadman switch, a 
normally open contact R113 of the relay Rll and a normally 
open contact R123 of the relay R12 are connected in series, 
wherein the two series circuits are connected in parallel to 
form a parallel circuit which in turn is connected in series 
with a parallel circuit connecting the relays Rll and R12 in 
parallel . 
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The relays Rll and R12 each have a forced guide 
relay configuration wherein the normally open contacts R113 
and R114 as well as the normally closed contacts R123 and R124 
change over from each other at the same time. Accordingly, 
when the normally open contact R113 is turned ON, the normally 
closed contact R114 is turned OFF without fail. In the 
initial state where the deadman switches 101a and 101b are 
unoperated, the relays Rll and R12 are excited by their self- 
holding function and, hence, the normally open contacts Rill 
to R113 and R121 to R123 are in ON-state while the normally 
closed contacts R114 and R124 in OFF-state. 

In the aforementioned configuration, when the right- 
handed deadman switch 101a is made to assume ON-state 
(depicted by broken line in FIG. 12) from the initial state by 
being depressed to the second position, the normally open 
contacts swlla and swl2a are turned ON and the normally closed 
monitor contact mswlla turned OFF in the right-handed deadman 
switch 101a, while the circuits Cll to C13 are kept energized 
by the self -holding function of the relays Rll and R12. Thus, 
the enabling signal can be outputted from the first and second 
circuits Cll and CI 2 to allow the operator to conduct teaching 
to the mechanical apparatus. 

In this state, if the operator senses a danger and 
depresses, for example, the left-handed deadman switch 101b to 
the third position to turn it OFF, the normally closed monitor 
contacts mswllb and mswl2b of the left-handed deadman switch 
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101b are turned OFF in the third circuit CI 3 to shut down the 
third circuit C13 and demagnetize the relays Rll and R12. As 
a result, the normally open contacts Rill to R113 of the relay 
Rll and the normally open contacts R121 to R123 of the relay 
R12 are turned OFF, while at the same time the first and 
second circuits Cll and C12 shut down. Thus, the enabling 
signal is not outputted any more and, hence, teaching becomes 
impossible. 

Even when the normally closed contacts swllb and 
swl2b are sequentially turned into ON-state from this state by 
loosening the depressing force on the left-handed deadman 
switch 101b to reset the left-handed deadman switch 101b to 
the first position with the right-handed deadman switch 101a 
kept in ON-state, the normally closed monitor contact mswlla 
of the right-handed deadman switch 101a and the normally open 
contacts R113 and R123 of the relays Rll and R12 are still in 
OFF-state and, hence, the relays Rll and R12 are kept in the 
demagnetized state. As a result, the first and second 
circuits Cll and C12 are kept shut down and the ON-state of 
the right-handed deadman switch 101a cannot be enabled. Thus, 
the unteachable condition continues. 

Here, if the depressing force on the right-handed 
deadman switch 101a is loosened to reset the right-handed 
deadman switch 101a to the first position, the normally closed 
monitor contact mswlla of the right-handed deadman switch 101a 
is turned ON. As a result, the circuit C13 becomes energized 
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to excite the relays Rll and R12, so that the initial state 
depicted by solid line in FIG. 11 is resumed. Thus, teaching 
to the mechanical apparatus becomes possible when the right- 
handed deadman switch 101a or the left-handed deadman switch 
101b is operated to assume the second position. 

In the configuration shown in FIG. 12, if, for 
example, the contacts Rill to Rll 3 of the relay Rll are fused 
to each other while the left-handed deadman switch 101b is ON, 
the normally open contacts Rill to R113 are kept in ON-state 
and the normally closed contact R114 kept in OFF- state in the 
relay Rll even when the right-handed deadman switch 101a is 
turned OFF by being depressed to the third position. However, 
since the normally open contacts R121 to R123 are kept OFF and, 
hence, the circuits Cll to C13 are not energized, the ON-state 
of the left-handed deadman switch 101b cannot be enabled even 
when the right-handed deadman switch 101a is reset to the 
first position, which makes it impossible to conduct teaching 
to the mechanical apparatus. 

In this state, the third circuit C13 is kept from 
being energized even when both of the deadman switches 101a 
and 101b are reset to their respective first positions. 
Accordingly, even when either of deadman switches 101a and 
101b is turned ON by being depressed to the second position, 
the teachable condition cannot be resumed. Therefore, if the 
contacts of one of the relays Rll and R12 are fused to each 
other, the enabling signal cannot be outputted even after both 
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of the deadman switches 101a and 101b have been reset to 
respective first positions, whereby the occurrence of a 
failure of the contacts can be recognized easily. 

In the case where the safety relay module 120 is 
configured to detect mismatch in open/ closed state between the 
first and second circuits Cll and C12, one of the normally 
open contacts Rill and R112 of the relay Rll and one of the 
normally open contacts R121 and R122 of the relay R12 may be 
eliminated so that each of the first and second circuits Cll 
and C12 includes one normally open contact- In this case, if 
failure of contact occurs in the enabling device 100, it is 
possible to accurately determine from the result of detection 
by the safety relay module 120 which of the first and second 
circuits Cll and C12 has fusion of contacts. 

The configuration described in the aforementioned 
patent literature 2, however, involves the following problem. 
That is, with the configuration shown in FIG. 12 wherein: a 
single monitor circuit (third circuit C3) monitors the 
operated states of respective three-position deadman switches 
101a and 10b included in the teaching pendant; and switching 
means (relays Rll and R12) of opening/closing the output lines 
for outputting the enabling signal from the enabling signal 
circuits (first and second circuits CI and C2) is actuated in 
accordance with the open/closed state of the monitor circuit, 
if the single monitor circuit is short-circuited, the monitor 
circuit cannot detect the occurrence of such a failure and. 
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hence, the switching means closes the enabling signal circuit 
constantly, with the result that the action of the subject 
mechanical apparatus to be taught cannot be stopped. 

An object of the present invention is to provide a 
teaching pendant enabling device which is capable of 
accurately detecting a single failure while preventing its 
safety function from being impaired by a single short-circuit 
failure by virtue of the provision of plural monitor circuits 
for actuating the switching means configured to open/close the 
enabling signal circuit in accordance with the results of 
monitoring of the operated states of respective of right and 
left deadman switches . 

Disclosure of the Invention 

The present invention includes the following 
arrangements as means for solving the aforementioned problem. 

( 1 ) A teaching pendant enabling device including 
first and second enabling signal circuits each configured to 
selectively output an enabling signal for enabling a teaching 
signal given to a mechanical apparatus in accordance with 
operated states of first and second deadman switches each 
configured to assume a first OFF-state when unoperated, an ON- 
state when half -operated, and a second OFF-state when 
completely operated, having: 

two switching means configured to open/close an 
enabling signal output line of a respective one of the first 
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and second enabling signal circuits; and 

first and second monitor circuits each configured to 
actuate a respective one of the two switching means in 
accordance with results of detection of the operated states of 
the first and second deadman switches, 

wherein, after an operating member of at least one 
of the first and second deadman switches has been turned into 
the second OFF- state, each of the first and second monitor 
circuits causes the respective one of the two switching means 
to keep the output line in an open state until both of the 
first and second deadman switches each made to assume the 
first OFF- state are detected. 

In this arrangement, during a period from the time 
at least one of the first and second deadman switches is 
turned into the second OFF- state until both of the two deadman 
switches each made to assume the first OFF-state are detected 
by both of the two monitor circuits , at least one of the 
enabling signal output lines is kept an open state. 
Accordingly, if one of the two monitor circuits is short- 
circuited, the monitor circuit thus short-circuited fails to 
detect the first and second deadman switches each made to 
assume the first OFF-state, whereas the monitor circuit that 
is not short-circuited causes the switching means to keep open 
the associated enabling signal output line. Thus, mismatch 
occurs in signal output between the two enabling signal 
circuits, which allows easy detection of occurrence of an 
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anomaly in the enabling device. For this reason, this 
arrangement is capable of accurately detecting a single 
failure while preventing its safety function from being 
impaired . 

(2) The first deadman switch has: 

first to fourth normally closed contacts 
each configured to become open or closed in accordance with 
any one of operated positions including a first position 
assumed in an unoperated condition, a second position assumed 
in a half -operated condition, and a third position assumed in 
a completely operated condition; and 

first and second main contacts each 
configured to assume an OFF- state at the first and third 
positions and an ON- state at the second position, 
wherein the second deadman switch has : 

fifth to eighth normally closed contacts 
each configured to become open or closed in accordance with 
any one of operated positions including a first position 
assumed in an unoperated condition, a second position assumed 
in a half -operated condition, and a third position assumed in 
a completely operated condition; and 

third and fourth main contacts each 
configured to assume an OFF- state at the first and third 
positions and an ON- state at the second position, 

wherein the two switching means are first and second 
relays, the first relay having first and second normally open 
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contacts and a ninth normally closed contact; and the second 
relay having third and fourth normally open contacts and a 
tenth normally closed contact, 

wherein the first enabling signal circuit includes 
the first normally open contact connected in series with a 
parallel circuit parallel-connecting the first and third main 
contacts; and the second enabling signal circuit includes the 
third normally open contact connected in series with a 
parallel circuit parallel-connecting the second and fourth 
main contacts, and 

wherein the first monitor circuit connects the first 
relay in series with a parallel circuit parallel-connecting a 
first series circuit in which the first, fifth, and tenth 
normally closed contacts are connected in series and a second 
series circuit in which the third and seventh normally closed 
contacts and the second normally open contact are connected in 
series; and the second monitor circuit connects the second 
relay in series with a parallel circuit parallel -connecting a 
third series circuit in which the second, sixth, and ninth 
normally closed contacts are connected in series and a fourth 
series circuit in which the fourth and eighth normally closed 
contacts and the fourth normally open contact are connected in 
series . 

In this arrangement, when excited, the relays 
included in the two monitor circuits closes respective of the 
output lines of the two enabling signal circuits. The relay 
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included in the monitor circuit in a state shut down by 
turning one of the deadman switches into the second OFF- state 
is not energized unless the remaining monitor circuit is shut 
down. Accordingly, when the remaining monitor circuit is 
short-circuited, the relay included therein is kept excited 
continuously and, hence, the output line of one of the two 
enabling signal circuit is kept closed continuously. However, 
the relay included in the remaining monitor circuit keeps open 
the output line of the other enabling signal circuit. 
Accordingly, it is not possible that the enabling signal is 
outputted from both of the two output lines. 

(3) A teaching pendant enabling device including 
plural enabling signal circuits each configured to selectively 
output an enabling signal for enabling a teaching signal given 
to a mechanical apparatus in accordance with operated states 
of plural deadman switches each configured to assume a first 
OFF-state when unoperated, an ON-state when half -operated, and 
a second OFF-state when completely operated, having: 

three or more switching means each configured to 
open/close an enabling signal output line of a respective one 
of the plural enabling signal circuits; and 

three or more monitor circuits each configured to 
actuate a respective one of the three or more switching means 
in accordance with results of detection of the operated states 
of the plural deadman switches, 

wherein, after an operating member of at least one 
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of the deadman switches has been turned into the second OFF- 
state, each of the three or more monitor circuits causes the 
respective one of the switching means to keep the output line 
in an open state until all of the plural deadman switches each 
made to assume the first OFF- state are detected. 

In this arrangement, when excited, the relays 
included in the monitor circuits close respective of the 
enabling signal output lines of the plural enabling signal 
circuits . The relay included in one monitor circuit in a 
state shut down by turning any one of the deadman switches 
into the second OFF- state is not energized unless the 
remaining monitor circuits are shut down* Accordingly, when 
any one of the remaining monitor circuits is short-circuited, 
the relay included therein is kept excited continuously and, 
hence, the output line of any one of the plural enabling 
signal circuits is kept closed continuously. However, the 
relays included in the monitor circuits that are not short- 
circuited keep open the associated output lines of the plural 
enabling signal circuits. Accordingly, it is not possible 
that the enabling signals are output ted from all of the plural 
output lines . 

Brief Description of Drawings 

FIGs. 1A and IB are front and rear elevational views, 
respectively, showing a teaching pendant in which an enabling 
device according to an embodiment of the present invention is 
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used. FIG. 2 is a circuit diagram showing the configuration 
of the enabling device. FIG. 3 is a chart representing 
open/closed states of contacts of deadman switches included in 
the enabling device . FIG . 4 is a circuit diagram of the 
enabling device in a state where the deadman switches are 
unoperated. FIG. 5 is a circuit diagram of the enabling 
device in a state where a first deadman switch is operated to 
assume the second position. FIG. 6 is a circuit diagram of 
the enabling device in a state where the first deadman switch 
is operated to assume the second position and a second deadman 
switch operated to assume the third position. FIG. 7 is a 
circuit diagram of the enabling device in a state where the 
first deadman switch is operated to assume the second position 
and the second deadman switch reset to the first position from 
the third position. FIG. 8 is a circuit diagram of the 
enabling device in a state where the deadman switches are 
unoperated, with a first monitor circuit short-circuited. FIG. 
9 is a circuit diagram of the enabling device in a state where 
the first deadman switch is operated to assume the second 
position and the second deadman switch operated to assume the 
third position, with the first monitor circuit short-circuited. 
FIG. 10 is a circuit diagram of the enabling device in a state 
where the first deadman switch is operated to assume the 
second position and the second deadman switch reset to the 
first position from the third position, with the first monitor 
circuit short-circuited. FIG. 11 is a circuit diagram showing 
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the configuration of an enabling device according to another 
embodiment of the present invention. FIG. 12 is a circuit 
diagram of a conventional enabling device. 
Best Mode for Carrying Out the Invention 

FIGs. 1A and IB are front and rear elevational views, 
respectively, showing a teaching pendant in which an enabling 
device according to an embodiment of the present invention is 
used. The pendant 10 has a display panel 11, such as an LCD, 
disposed centrally of the front side of its casing. A row of 
transparent operation keys 12 are arranged on a transparent 
touch switch on each of opposite lateral sides of the upper 
surface of the display panel 11. When pressed, each of the 
operation keys 12 is displaced downwardly to turn ON the touch 
switch provided on the upper surface of the display panel 11. 
Plural pushbutton switches 13 are arranged above the display 
panel 11 on the front side of the pendant 10. The operation 
keys 12 and pushbutton switches 13 are each configured to 
receive an input of an instruction to output an operating 
signal assigned to a respective one of the keys and switches . 
Particularly, the operation keys 12 are each assigned the 
particulars of a switch image on each screen displayed on the 
display panel 11. The display panel 11 may be configured to 
serve as an operation switch by using a touch panel. 

The casing of the pendant 10 is formed with grips 
14a and 14b on right and left lateral sides thereof. During 
teaching of actions to a non- illustrated subject apparatus to 
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be taught such as an industrial robot, the operator holds the 
pendant 10 by his or her both hands from the opposite lateral 
sides and operates the operation keys 12 or the pushbutton 
switches 13 by the thumbs. The pendant 10 is connected to a 
control circuit of the subject apparatus via a cable 18 so 
that an operating signal assigned to the operation key 12 or 
the pushbutton switch 13 which is operated by the operator is 
inputted to the control circuit of the subject apparatus. 

The rear side of casing of the pendant 10 is formed 
with dents 15a and 15b continuously with respective grips 14a 
and 14b. Deadman switches la and lb are disposed on angular 
portions intermediate the grips 14a and 14b and the dents 15a 
and 15b. The deadman switch la is a right-handed deadman 
switch located at a right-hand operating position where the 
four fingers, excluding the thumb, of the right hand of the 
operator gripping the grip 14a situated on the right-hand side 
as viewed from the front side of the pendant 10 are to be 
positioned. The deadman switch lb is a left-handed deadman 
switch located at a left-hand operating position where the 
four fingers, excluding the thumb, of the left hand of the 
operator gripping the grip 14b situated on the left-hand side 
as viewed from the front side of the pendant 10 are to be 
positioned. 

The deadman switches la and lb are each a three - 
position switch having main contact positions including a 
first position assumed in an unoperated condition, a second 
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position assumed in a lightly depressed condition, i.e., in a 
half -operated condition, and a third position assumed in a 
strongly depressed condition, i.e., in a completely-operated 
condition. The main contact position shifts from the first 
position to the third position sequentially. When the 
operating force is released, each deadman switch is reset to 
the first position from the third position. 

FIG. 2 is a circuit diagram showing the 
configuration of the enabling device according to this 
embodiment of the present invention. The enabling device 
incorporated in the teaching pendant 10 comprises a first 
enabling signal circuit CI, a second enabling signal circuit 
C2, a first monitor circuit C3, and a second monitor circuit 
C4, the circuits CI to C4 comprising contacts included in the 
right and left deadman switches la and lb and relays Rl and R2. 
The first and second monitor circuits C3 and C4 are supplied 
with electric power from an internal power source 2 via a main 
switch 15. 

The right-handed deadman switch la is a three - 
position deadman switch having six contacts including: 
normally closed contacts mswla, msw2a, msw3a, and msw4a which 
are each configured to become open and closed in accordance 
with any one of the operated positions, namely, the first 
position assumed in the unoperated condition, the second 
position assumed in the half -operated condition and the third 
position assumed in the completely- operated condition; and two 
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main contacts swla and sw2a each configured to assume an OFF- 
state at the first and third positions and an ON- state at the 
second position. 

Like the right-handed deadman switch la, the left- 
handed deadman switch lb is a three -posit ion deadman switch 
having six contacts including: normally closed contacts mswlb, 
msw2b, msw3b, and msw4b which are each configured to become 
open and closed in accordance with any one of the operated 
positions, namely, the first position assumed in the 
unoperated condition, the second position assumed in the half- 
operated condition and the third position assumed in the 
completely operated condition; and two main contacts swlb and 
sw2b each configured to assume an OFF- state at the first and 
third positions and an ON- state at the second position. 

The operated conditions of the deadman switches la 
and lb and the ON/OFF states of respective contacts are as 
shown in FIG. 3. In this figure, each halftone segment 
represents the ON-state of a respective one of the contacts. 

The relay Rl has two normally open contacts Rll and 
R12 and one normally closed contact R13. Likewise, the relay 
R2 has two normally open contacts R21 and R22 and one normally 
closed contact R23. 

The first enabling signal circuit CI is formed by 
connecting one normally open contact Rll of the relay Rl in 
series with a parallel circuit in which the main contact swla 
and the main contact swlb of respective of the right and left 
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deadman switches la and lb are connected in parallel. 

The second enabling signal circuit C2 is formed by 
connecting the normally open contact R21 of the relay R2 in 
series with a parallel circuit in which the main contact sw2a 
and the main contact sw2b of respective of the right and left 
deadman switches la and lb are connected in parallel. 

The first monitor circuit C3 is formed by connecting 
the relay Rl in series with a parallel circuit parallel- 
connecting a first series circuit C31 in which the normally 
closed contact mswla included in the deadman switch la, the 
normally closed contact mswlb included in the deadman switch 
lb, and the normally closed contact R23 of the other relay R2 
are connected in series and a second series circuit C32 in 
which the normally closed contact msw3a included in the 
deadman switch la, the normally closed contact msw3b included 
in the deadman switch lb, and the normally open contact R12 of 
the relay Rl are connected in series . 

The second monitor circuit C4 is formed by 
connecting the relay R2 in series with a parallel circuit 
parallel -connecting a third series circuit C41 in which the 
normally closed contact msw2a included in the deadman switch 
la, the normally closed contact msw2b included in the deadman 
switch lb, and the normally closed contact R13 of one relay Rl 
are connected in series and a fourth series circuit C42 in 
which the normally closed contact msw4a included in the 
deadman switch la, the normally closed contact msw4b included 
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in the deadman switch lb, and the normally open contact R22 of 
the relay R2 are connected in series. 

In the above -described configuration, the relays Rl 
and R2 correspond to the switching means of the present 
invention. 

The operation of the above -described enabling device 
will be described below with reference to FIGs. 4 to 7. FIG. 
4 shows a state where the deadman switches are in the 
unoperated condition while the main switch of the teaching 
pendant is ON; FIG. 5 shows a state where one deadman switch 
is operated to assume the second position; FIG. 6 shows a 
state where one deadman switch is kept in the second position 
and the other deadman switch is operated to assume the third 
position; and FIG. 7 shows a state where one deadman switch is 
kept in the second position and the other deadman switch is 
reset to the first position. 

When the main switch 15 is turned ON in the state 
shown in FIG. 2, the internal powder source 2 energizes the 
first series circuit C31 of the first monitor circuit C3 and 
the third series circuit C41 of the second monitor circuit C4 
thereby exciting the relays Rl and R2 . This causes the 
normally open contacts Rll and R12 and the normally open 
contacts R21 and R22 to be turned ON and the normally closed 
contacts R13 and R23 to be turned OFF in the relays Rl and R2, 
whereby the enabling signal output lines of respective of the 
first and second enabling signal circuits CI and C2 are closed 
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as shown in FIG. 4. The relays Rl and R2 are kept energized 
via the second series circuit C32 of the first monitor circuit 
C3 and the fourth series circuit C42 of the second monitor 
circuit C4, respectively, so that the state shown in FIG. 4 is 
maintained. 

When the right-handed deadman switch la is operated 
to assume the second position from the state shown in FIG. 4, 
the main contacts swla and sw2a are turned ON and the normally 
closed contacts mswla and msw2a turned OFF in the deadman 
switch la, as shown in FIG. 5. Since the main contacts swla 
and sw2a of the deadman switch la are turned ON, the first and 
second enabling signal circuits CI and C2 output an enabling 
signal to an external safety relay module 20. The relays Rl 
and R2 are kept energized via the second series circuit C32 of 
the first monitor circuit C3 and the fourth series circuit C42 
of the second monitor circuit C4 , respectively, so that the 
state shown in FIG. 5 is maintained. As a result, teaching to 
the mechanical apparatus via a non-illustrated controller 
including the safety relay module 20 becomes possible by means 
of a teaching signal corresponding to an operation on 
operation switch 12 or the like included in the teaching 
pendant 10. 

When the left-handed deadman switch lb is operated 
to assume the third position from the state shown in FIG. 5 
with the right-handed deadman switch la kept in the second 
position, the normally closed contacts mswlb to msw4b of the 
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deadman switch lb are turned OFF as shown in FIG. 6, so that 
the first and second series circuits C31 and C32 forming the 
first monitor circuit C3 and the third and fourth series 
circuits C41 and C42 forming the second monitor circuit C4 are 
opened to shut down the relays Rl and R2, whereby the relays 
Rl and R2 are demagnetized. This causes the normally open 
contacts Rll and R21 of the relays Rl and R2 to be turned OFF 
thereby opening the enabling signal output lines of the 
enabling signal circuits CI and C2. Accordingly, the enabling 
signal is not inputted to the external safety relay module 20 
any more . As a result , teaching to the mechanical apparatus 
becomes impossible and, hence, the operator can avoid danger. 

When the left-handed deadman switch lb is rest to 
the first position from the state shown in FIG. 6 with the 
right-handed deadman switch la kept in the second position, 
the normally closed contacts mswlb to msw4b of the deadman 
switch lb are turned ON whereas the normally closed contacts 
mswla and msw2a of the deadman switch la as well as the 
normally open contacts R12 and R22 of respective relays Rl and 
R2 are kept OFF, as shown in FIG. 7. Accordingly, the first 
and second series circuits C31 and C32 forming the first 
monitor circuit C3 and the third and fourth series circuits 
C41 and C42 forming the second monitor circuit C4 are kept 
open and, hence, the relays Rl and R2 cannot be excited. Thus, 
the enabling signal output lines of the enabling signal 
circuits CI and C2 are each kept in the open state. 
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After the mechanical apparatus has been stopped by 
keeping one deadman switch in the second position while 
operating the other deadman switch to assume the third 
position, even if the operator takes his hand off the other 
deadman switch before it becomes possible to secure sufficient 
safety, the mechanical apparatus cannot immediately begin 
acting. As a result, the operator cannot be exposed to danger. 

When the right-handed deadman switch la also is 
reset to the first position from the state shown in FIG. 7, 
the enabling device resumes the state shown in FIG. 4 from the 
state shown in FIG. 7 through the state in which the main 
switch 15 is ON. Thus, it becomes possible for the enabling 
device to output the enabling signal by operating either of 
the deadman switches la and lb and, hence, teaching to the 
mechanical apparatus becomes possible. 

With reference to FIGs. 8 to 11, consideration will 
be given to cases where a monitor circuit of the enabling 
device is short-circuited. If, for example, the first monitor 
circuit C3 is short-circuited as shown in FIG. 8, the first 
monitor circuit C3 is constantly energized regardless of the 
operated states of respective deadman switches la and lb and, 
hence, the relay Rl is kept excited. In this state, when the 
left-handed deadman switch lb is operated to assume the third 
position with the right-handed deadman switch la kept in the 
second position, the normally closed contacts msw3b and msw4b 
of the deadman switch lb are turned OFF to open the third and 
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fourth series circuits C41 and C42 forming the second monitor 
circuit C4 as shown in FIG. 9, so that the relay R2 is shut 
down and demagnetized. Thus, the normally open contact R21 of 
the relay R2 is turned OFF to open the enabling signal output 
line of the second enabling signal circuit C2 , with the result 
that the enabling signal cannot be inputted to the external 
safety module 20 from the second enabling signal circuit C2 . 

At that time the relay Rl is kept excited to keep 
the normally open contact Rll thereof ON because of the short 
circuit in the first monitor circuit C3, thus keeping the 
first enabling signal circuit CI inputting the enabling signal 
to the external safety relay module 20. However, since the 
safety relay module 20 enables the teaching signal from the 
teaching pendant 10 only when both of the first and second 
enabling signal circuits CI and C2 input the enabling signal 
to the safety relay module 20, teaching to the mechanical 
apparatus becomes impossible from the time the input of the 
enabling signal from the second enabling signal circuit C2 is 
stopped, thus causing the mechanical apparatus to stop acting. 
Therefore, the operator can avoid danger. 

When the left-handed deadman switch lb is rest to 
the first position from the state shown in FIG. 9 with the 
right-handed deadman switch la kept in the second position, 
the normally closed contacts msw3b and msw4b of the deadman 
switch lb are turned ON whereas the normally closed contact 
msw2a of the deadman switch la as well as the normally open 
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contact R22 of the relay R2 is kept OFF, as shown in FIG. 10. 
Accordingly, the third and fourth series circuits C41 and C42 
forming the second monitor circuit C4 are kept open and, hence, 
the relay R2 cannot be excited. Thus, the enabling signal 
output line of the enabling signal circuit C2 is kept in the 
open state. 

Though FIGs. 8 to 10 show the case where only the 
first monitor circuit C3 is short-circuited, the relay Rl 
included in the first monitor circuit C3 functions like the 
relay R2 functioning as shown in FIGs. 8 to 10 if only the 
second monitor circuit C4 is short-circuited. In this case, 
when one deadman switch is operated to assume the third 
position, the enabling signal output line of the first 
enabling signal circuit CI is opened. 

In cases where the relay Rl or R2 is kept excited 
because of one monitor circuit short-circuited, after the 
mechanical apparatus has been stopped by the operator keeping 
one deadman switch in the second position while operating the 
other deadman switch to assume the third position, the 
mechanical apparatus cannot immediately begin acting even if 
the operator takes his hand off the other deadman switch 
before it becomes possible to secure sufficient safety. As a 
result, the operator is prevented from being exposed to danger. 
When one monitor circuit is short-circuited, the first and 
second enabling signal circuits CI and C2 output different 
signals, which allow detection of occurrence of failure in the 
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enabling device. 

Thus, the teaching pendant enabling device according 
to this embodiment is capable of accurately detecting a single 
failure while preventing its safety function from being 
impaired by a single short-circuit failure. 

FIG. 11 is a circuit diagram showing the 
configuration of an enabling device according to another 
embodiment of the present invention. The enabling device 10' 
according to this embodiment is applied to a teaching pendant 
having three three-position switches la to lc, each of which 
has three main contacts and two sets of three normally closed 
contacts. Specifically, switch la has three main switches swla 
to sw3a and two sets of three normally closed contacts mswla 
to msw6a (including a set of normally closed contacts mswla to 
msw3a and a set of normally closed contacts msw4a to msw6a) ; 
switch lb has three main switches swlb to sw3b and two sets of 
three normally closed contacts mswlb to msw6b (including a set 
of normally closed contacts mswlb to msw3b and a set of 
normally closed contacts msw4b to msw6b); and switch lc has 
three main switches swlc to sw3c and two sets of three 
normally closed contacts mswlc to msw6c (including a set of 
normally closed contacts mswlc to msw3c and a set of normally 
closed contacts msw4c to msw6c.) Also, the enabling device 
10' has three relays Rl to R3 . Thus, the enabling device 10' 
has three enabling signal circuits and three monitor circuits 
formed therein. By thus adding a contact and a relay to each 
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three-position switch to form three or more monitor circuits, 
the enabling device 10' is capable of accurate detection of 
occurrences of plural duplicated failures . 

The number of enabling signal circuits and the 
number of monitor circuits need not necessarily be equal to 
each other. For example, it is possible to form two enabling 
signal circuits and four monitor circuits and then connect the 
output line of each of the two enabling signal circuits in 
series with two contacts of each of the relays included in two 
different monitor circuits. Also, the number of three- 
position switches provided on the teaching pendant need not 
necessarily be three as long as the number is plural. 

Accordingly, the present invention can also be 
embodied into an enabling device applicable to a teaching 
pendant provided with plural three-position switches each 
having two sets of three or more (2+n) normally closed 
contacts (wherein n is an integer of not less than 1) # the 
enabling device having m enabling signal circuits (wherein m 
is an integer of not less than two) and three or more (2+n) 
monitor circuits wherein n is an integer of not less than 1.) 

Specifically, the ith (1=1, m) enabling signal 

circuit is formed by connecting, without duplication (nothing 
more or nothing less), at least one normally open contact of 
the 2+n relays in series with a parallel circuit in which main 
contacts of respective of the three-position switches are 
connected in parallel. Also, the jth (j = l, 2, 2+n) 
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monitor circuit is formed by connecting the jth relay in 
series with a parallel circuit parallel-connecting a first 
series circuit in which the jth normally closed contact in one 
of the sets of normally closed contacts included in each 
three-position switch is connected in series with the normally 
closed contact of any one of the relays except the jth relay 
without duplication (nothing more or nothing less) and a 
second series circuit in which the jth normally closed contact 
in the other set of normally closed contacts included in each 
three -position switch is connected in series with one normally 
open contact of the jth relay without duplication (nothing 
more or nothing less.) 

With this configuration, even if 2+n-l monitor 
circuits of the 2+n monitor circuits are short-circuited at 
the same time, the relay included in at least one monitor 
circuit opens the output line of at least one enabling signal 
circuit. Thus, there is no possibility that output signals 
from all the m enabling signal circuits match with each other, 
which allows accurate detection of the occurrence of failure 
in the enabling device. 

In the case where each relay has m+1 normally open 
contacts, one normally open contact of each relay may be 
connected in series with a respective one of the enabling 
signal circuits. 



